This paper illustrates how archaeomagnetic dating can be used for palaeochannel fills within floodplain sequences. The sites investigated are palaeochannels associated with the mediaeval braided/anastomosing channels of an unstable reach of the River Trent at Hemington, north-west Leicestershire. This reach has revealed abundant archaeological remains including fish weirs, anchor stones, a Norman mill and three mediaeval bridges. The studies used here show good agreement between archaeomagnetic dating and other evidence from archaeology, dendrochronology and radiocarbon dating. Fabric and mineral analyses of the sediments are used to identify the source of the remanent magnetization and it is believed that this is predominantly the result of the biogenic synthesis of magnetic minerals in high pH but anoxic conditions. This study illustrates the type of alluvial sediments that are most suitable for archaeomagnetic dating.
Introduction

B
uried landscapes within floodplain sedimentary sequences can give unique insights into human activity, whether this is long-term or seasonal occupation, industrial exploitation, pastoral or arable cultivation (Brown & Keough, 1992; Brown, 1997) . Rivers and their valleys have always attracted human attention and exploitation primarily because of the proximity of water but also because of fertile alluvial soils, potential food resources and the relative ease of transport. The study of fluvial and alluvial sediment in association with archaeological material can provide information concerning the specific site setting, the local habitat, the regional environment and the processes of site preservation and destruction. The absolute dating of alluvial units is essential for the development of an accurate alluvial chronology which will facilitate the exploration of the relationships between human activity, climatic conditions, vegetation and geomorphology.
The varying direction of the geomagnetic field over the last 2000 years has been broadly established for Britain (Tarling & Dobson, 1995) . The British archaeomagnetic reference curve has been constructed from 466 archaeological sites in Britain and in north-east France (Clark, Tarling & Noël, 1988) . However, in addition some fine-grained sediment has been found to record the earth's magnetic field (Clark, Tarling & Noël, 1988; Batt & Noël, 1991; Clark, 1990 Clark, , 1992 Batt, 1992) . Most of the data used in the construction of the British geomagnetic secular variation curve of the earth's field were derived from in situ fired archaeological material and to compensate for magnetic distortion all inclinations from floors were increased by 2·4 and 1·2 from mixed walls and floors, with only a small proportion obtained from sediment (Clark, Tarling & Noël, 1988) . Archaeomagnetic directional dating is achieved through the measurement of the mean angles of dip (inclination) and declination of magnetic minerals in samples. The natural remanent magnetization (NRM) is then matched against the reference curve to obtain a date either of deposition (which is referred to as detrital remanence magnetization (DRM)), or postdeposition (referred to as post-depositional remanence magnetization (PdRM)). Unfortunately the calibration curve contains a number of tight crossovers which can result in ambiguity and potential alternative dates (Clark, Tarling & Noël, 1988) . The calibration curve also changes at varying rates and so there are periods of good and poor dating resolution. The density of data points is extremely good for the second half of the 13th century , whereas the 1000-100  curve is constructed largely from a three-point running mean of combined lake data of Turner & Thompson (1981) . The dark ages are again a period of little cultural differentiation and development in Britain and hence there is a lack of independent data points. The loop of  600-900 was observed in lake sediments (Clark, Tarling & Noël, 1988) and there is a lack of primary dated material for this period. However, despite these problems it has been suggested that a dating of 20 years (68% confidence level) is possible when using the British archaeomagnetic reference curve from  850 to present because the curve is relatively open, with one crossover, and is of relatively good resolution (Clark, Tarling & Noël, 1988) . It is also suggested that a date of 10 years is possible after  1600.
Anisotropy of magnetic susceptibility (AMS) is a method of three-dimensional petrofabric analysis (Hamilton, 1967; Hamilton & Rees, 1970; Ellwood, 1984) . The purpose of studying AMS is to obtain information on the depositional processes of all the grains, although the magnetic content is a minute proportion of the whole sample (Hrouda, 1982; Johns & Jackson, 1991) . The technique is used in the estimation of preferred orientation of grains in sediments (Rees, 1961) . There are two types of microfabric elements; the first is a planar structure due to the effects of gravity and the second is linear, due to the action of fluid forces, for example hydrodynamic forces (Hamilton, 1967) . It is also important to determine the extent of AMS in specimens because of the potential distorting effect on NRM.
This paper presents data from the archaeological site of Hemington Fields, north Leicestershire (SK 461 307). The site is a working gravel quarry, located at the confluence of the River Derwent and River Trent (Figure 1) . The floodplain at this point is some 4 km wide; on the east side of the floodplain lies the confluence of the River Sour. The site provided an excellent opportunity to extract oriented samples of fine-grained sediment and to establish whether this material carried a natural remanent magnetization (NRM). A number of analytical techniques were used to investigate depositional and post-depositional processes and aid in the reconstruction of the sedimentary history of the site.
Field and Laboratory Procedures
Eight vertical sections through palaeochannels were created during gravel extraction (Figure 2 ). Sampled sediment was fine grained, in situ and physically undisturbed. The sections were cleaned, then described and recorded in the form of sedimentary logs. Undisturbed, orientated samples were taken using aluminium monolith tins (54 11 9 cm) where the tops of the tins were horizontal and the length vertical. The monolith tins were oriented to true north using a magnetic compass. The samples were wrapped in foil and plastic sheet to prevent loss of soil moisture, inhibit bioturbation and give protection when transported. At sections 1 and 2 orientated perspex cubes (of approximate dimensions of 2·2 2·2 2·2 cm) were inserted into the face by hand. The advantage of using monolith tins was that a relatively large sample could be taken and therefore the bulk of the sample was protected from physical distortion (Gravenor, Symons & Coyle, 1984) and loss of moisture (Noël, 1980) . Bulk samples were also taken from the main clay, silt and sand stratigraphical horizons of each section.
Using a stainless steel blade and knife, orientated cubic specimens were cut from the undisturbed monolith samples. Each cut specimen was transferred to a cubic specimen holder, the end cleaned and the specimen capped and sealed. Volume susceptibility ( ) was measured using a balanced a.c. bridge circuit. Magnetic fabric/anisotropy of susceptibility (AMS) was measured using a computer linked Molspin Minisep anisotropy delineator instrument. Various anisotropy parameters were also calculated. Natural remanent magnetization (NRM) measurements were made in a Minispin slow speed computerized fluxgate magnetometer. Mean directions were calculated using an interactive palaeomagnetic data analysis software package, IAPD (Torsvik, 1992) . These were corrected to Meriden (52·43 N:1·62 W), following the methods of Irving (1964) and Noël & Batt (1990) . The corrected mean directions and their associated cone of confidence were plotted onto a digitized version of the British archaeomagnetic reference curve, taken from Clark, Tarling & Noël (1988) . To establish the stability of magnetization stepwise, alternating field demagnetization was carried out on two specimens from section 1, eleven from section 2 and eight from section 7. Specimens were subjected to progressively increased fields up to 60 mT.
Particle size analysis was carried out using standard dry sieving methods (B.S.I., 1967). The silt-and claysize fraction was dispersed in 0·1% calgon, placed in an ultrasonic bath for 10 min and subsequently analysed using a Microtechnics model 5000ET SediGraph. X-ray diffraction and X-ray fluorescence analysis were carried out by A. Smith, University of Leicester. The water content and loss on ignition were determined following the methods of Bascombe (1974) . Three thin sections, one from unit 2 and two from unit 4, were prepared by Mr K. Schrapel of Queens College, University of London. Freeze-dried specimens from unit 4 were analysed in a scanning electron microscope (SEM) and by energy-dispersive X-ray analysis (EDXA).
Site Descriptions
Archaeology During gravel extraction an abundance of mediaeval archaeological artefacts and structures have been exposed at Hemington Fields. The plethora of archaeological material is a consequence of the site's location and its physical nature. The location was used as a crossing point of the Trent between Leicester and Derby/Nottingham and the site was probably chosen because of the existence of a number of shallow channels. However, the reach was unstable and structures were repeatedly destroyed and buried by gravel (Brown & Salisbury, in press ). Wooden posts, timbers and anchor stones have been recovered from the surface of the Mediaeval gravel and in some palaeochannels. These artefacts have been interpreted as the remains of fish weirs and possibly anchor stones, net or basket weights (Salisbury, 1987 (Salisbury, , 1988 (Salisbury, , 1995 . In 1985, a 12th century mill and mill dam were rapidly excavated by the Leicestershire Archaeological Unit (Clay & (1989) . C is charcoal. Salisbury, 1990) . Excavation also revealed a series of 10 palaeochannels dated between the 7th and 20th centuries . In 1993-1994 three mediaeval bridges were identified (Cooper, Ripper & Clay, 1994) . The earliest bridge was preserved as two box-like caissons constructed from massive timbers; the timbers were felled between c.  1066 and 1096 (Cooper, Ripper & Clay, 1995) . The second bridge lay some 50 m south (upstream) of the 11th century one; this bridge was constructed of piledriven posts and dendrochronology revealed it to date to  1216 (Salisbury, 1995) . The last bridge lay some 20 m further upstream and dendrochronology produced a felling date of between  1230 and 1240 for two oak timbers from its stone and timber starlings (Cooper, Ripper & Clay, 1995) . A track known as the Portway was aligned with this bridge, confirming the hypothesis that this area was an important crossing point of the River Trent (Cooper, Ripper & Clay, 1994) . Quarrying began at the end of 1993 on the east side of an ox-bow lake; this channel once formed the old county and parish boundary (Figure 1 ). The channel was abandoned before  1830, when avulsion changed the course of the River Trent to that followed at present (Clay & Salisbury, 1990) . Three large palaeochannels have been uncovered in this area; as yet no archaeology has been found in relation to these. Palaeohydrological analysis of the bridges and associated channels has shown how the flow of the Trent was progressively switched from the western to the eastern side of the floodplain during the 12th-13th centuries (Brown, 1996; Brown & Salisbury, in press ).
Geomorphology
The simplified stratigraphy at Hemington Fields consists of Mercia mudstone bedrock. Lying unconformably above the irregular bedrock surface were approximately 2-2·5 m of tabular and shallow crossbedded travels. Organic sediment from an eroded palaeochannel cut into the base of the gravels and into bedrock has provided two radiocarbon dates of 12,530  (uncal. beta-85499) and 11,730  (uncal. beta-85448) . This, with the common occurrence of icewedge casts in the gravels, indicates that the gravels were deposits during the Late Glacial Stadial (Younger Dryas) between c. 11,500 and 10,500  (Brown & Salisbury, in press ). These gravels were capped by approximately 2-2·5 m of Mediaeval gravel. Cut into the Mediaeval gravel are a complex series of palaeochannels. The Holocene floodplain is blanketed by c. 1-2 m of silt/clay overbank sediment. The contact between the Devensian and Mediaeval gravels can be identified, in some locations by a subtle colour difference from a pink/reddish to a yellow/brown hue, an erosional contact made obvious by truncated ice wedges and the occurrence of subangular to subrounded boulder sized rocks, interpreted as anchor weights (Salisbury, pers. comm.) .
During the mediaeval period the river gradually evolved through a braided/anastomosing phase into a meandering, single channel form. The palaeochannels were a consequence of this change in the system, they are characterized by a basal infill of black silty sand, 10  1·7/1. The sediment contained a limited quantity of small detrital organic material. When freshly exposed the sediment was black, homogeneous and very moist. Contact with air caused a rapid colour change to brownish black, 10  2/3, and the formation of coarse prismatic peds. Ancient rootlets occurred in both the overbank and palaeochannel sediment; in the latter these were made visible by the presence of brownish black aureoles, the result of oxidation. A summary description of the sedimentary units is given in Table 1 
Results
Fabric data
A total of 675 specimens were measured for AMS. A summary of the results and illustrative examples from the major units of specific sections are given below (see Ellis, 1995 for a detailed discussion of the results).
Section 7
The magnetic fabric mean direction of unit 2, section 7 (Table 2 ) lay on a north-east-south-west axis, Figure 2 Unit 1. Clayey silt. 7·5  2/3, very dark brown. Mottled, 5  3/6, dark reddish brown. Coarse blocky peds. Circa. 5% rootlets.
Unit 2. Clayey silt. 10  4/1, dark grey to brown 10  4/4. Mottled, 5  3/4, dark reddish brown, especially along root channels and laminae; iron concretions. Occasional manganese nodules. Some amorphous organic fragments.
Unit 7. Bright brown clayey silt.
Unit 2/3. Clayey silt. 10  4/3, greyish yellow brown.
Unit 3. Clayey silt. 10  4/2, greyish yellow brown. Occasional vivianite. Occasional visible laminae, manganese flecks and iron nodules.
Unit 4. Silty sand. 10  1·7/1, black and 10  3/2, brownish black zones. Vivianite largely associated with this unit. Occasional laminae. Rare sandstone clasts. Some amorphous organics, occasional dead rootlets and fibrous organic materials.
Unit 9. Coarse to fine, well sorted sand. 10  4/4, dark yellowish brown, 10  3/1, very dark grey. Top of bands often stained black. Occasional grit-sized material.
Unit 10. 1 cm thick silt clay unit (section 11). 10  3/1. Vivianite.
Unit 5. Clayey silt. 10  4/2, greyish yellow brown to 10  3/2, brownish black.
Unit 11. Coarse sand with pebbles (section 11).
Unit 6. Gravel. At boundary with upper, younger unit generally matrix supported, coarsening downwards to clast supported. perpendicular to the major axis of the channel at this location ( Figure 1 ). The upper two samples were dominated by foliar fabric and the lower two by a lineated one (Table 3 ). The fine-grained nature of the sediment, coupled with the anisotropy of susceptibility data, shows that deposition was under low velocity conditions. However, hydrodynamic forces dominated grain alignment in the lower portion of the unit and gravity the upper portion. The samples exhibited scattered K min axes of susceptibility and dipping K max ( Figure 3) ; this pattern is indicative of postdepositional root disturbance of the original planar fabric. All four samples had low mean intensities of susceptibility, and post-depositional dissolution and reprecipitation of Fe-rich minerals was also indicated by the occurrence of mottles and iron concretions. Similar depositional and post-depositional processes are suggested for unit 2.
There was no indication of post-depositional disturbance in unit 2/3, section 7. The domination of foliation showed that the unit was deposited in still water. The eight samples from unit 3, section 7 had a similar sequence of deposition to unit 2; a reduction in the influence of water currents with time. There is no indication of post-depositional disturbance.
The magnetic fabric of unit 4 was again predominantly foliar, with no indication of physical postdepositional disturbance (this was also the case for unit 4 in sections 1, 2, 4, 9 and 11). Occasional samples were dominated by a linear fabric. No discernible preferred orientation of grains in unit 3 (sections 7 and 10) or unit 4 (sections 9 and 11) was observed under the SEM; this was a consequence of the fine-grained nature of the sediment and the domination of a platy, face-to-face, foliar structure. Horizontal microlaminae, highlighted by organic matter, were observed in thin section derived from section 4, unit 4. 10  47  21  8·6  20·7  6·43  5·03  30·68  88-101  253-257·5  14  53  18  11·5  19·2  5·27  5·98  34·53  59-87  258-267  29  31  20  23·2  13·6  4·86  8·65  36·72  34-43  268·5-278·5  10  47  16  8·3  23·3  5·26  5·03  34·01 N is the number of specimens; Dec is the mean declination; Inc is the mean inclination, R is the resultant vector (Butler, 1992) ; 95 is the cone of confidence (Fisher, 1953) , is the precision parameter (Fisher, 1953) , Ro is the significant point (Irving, 1964) and the angular standard deviation (Butler, 1992) . 
Mean K is the mean of the three principal axes (K max , K int and K min ) (Tarling, 1983) ; Mean A is the mean total anisotropy ( 100) (Owens, 1974) ; Mean L is the mean degree of lineation ( 100), the intensity of linear-parallel orientation (Khan, 1962) ; Mean F is the mean degree of foliation ( 100), the intensity of the planar-parallel orientation (Khan, 1962) ; % F is the percentage of foliation; Mean q is the mean shape of the ellipsoids (Granar, 1958) and is the standard deviation. Section 9 Similar conditions of deposition and postdeposition are proposed for unit 2 and unit 4 as those described above for the same units of section 7. However, rounded clasts of unit 4 were observed in unit 9; the latter was a well-sorted sand.
Section 10 A similar scenario to that given for unit 2, section 7 is suggested for unit 2, section 10. However, the unit 2 of this section was dominated by lineation, indicating a slightly higher flow regime. Unit 3, section 10 was dominated by a foliar fabric. The basal sample of unit 3 exhibited dipping K max and K min axes of susceptibility, indicative of a disturbed fabric. The sample was derived from 2 cm above a sandstone block which formed part of the 13th century bridge pier. It is probable that the fabric mirrored the undulating bed of sandstone blocks.
Archaeomagnetic data
Alternating-field stepwise demagnetization demonstrated that all the samples of unit 3 and unit 4 (all sections) carried a stable NRM (Figure 4 ). The median destructive fields fell in the range of 30-40 mT. The final archaeomagnetic results for each section are given in Table 4 . The remanence directions of all the samples, except that of section 4, were tightly clustered. The intensity of NRM varied significantly with lithology and the colour of the sediment (Table 5 ). It was found that on oxidation in the laboratory there was a significant loss of intensity of NRM and magnetic susceptibility and a change in the remanence directions in units 3 and 4 (Tables 6 & 7) .
Mineralogical data
The basic mineral components of unit 4 (sections 1, 2, 4, 7, 9 and 11) were largely derived from reworked Devensian alluvium. X-ray diffraction revealed that the dominant minerals were quartz and potassium feldspar, with illite/muscovite, chlorite and kaolinite clay minerals. It is significant that no other major ironbearing minerals, apart from paramagnetic chlorite, were detected. X-ray fluorescence analysis established 7·22% Fe and 0·96% TiO 2 content; vital components of the titanomagnetites group (Butler, 1992) . The sediment was dominated by 67·75% silica, 16·28% aluminium. Framboids (spherical mineral aggregates) were observed from unit 4 (section 4) in thin section and units 3 and 4 (sections 4, 7, 9 and 10) under the scanning electron microscope. The framboids were most common in organic-lined voids and root channels. However, some were observed in the matrix and these were regularly associated with vivianite (Fe 2 (PO 4 ) 2 .8H 2 O), a secondary phosphate occurring in oxidized zones containing pyrite and organic fragments (Hamilton, Woolley & Bishop, 1990) . The framboids were constructed from individual octahedron crystals arranged in spheres of between 10 and 50 m in diameter ( Figure  5 ). The framboids were elementally analysed using EDXA, which identified the major elements as Fe and S. This is believed to be the first time such monosulphuric sediments have been recorded in a Holocene fluvial environment of this kind (see later discussion of sulphur mineralogy).
Diatoms of Campylodiscus noricus, Nitzschia species and Navicula species and other small unidentified fragments were observed in unit 4, section 4. The mean organic content of unit 4 (all sampled channels) lay between 6 and 14%; most of the organic content was amorphous under the microscope and probably originated from algae. The mean soil moisture content for unit 1 was 8·5%, unit 2 between 9 and 25%, unit 3 between 11 and 40% and unit 4 between 7·5 and 40%. The characteristic grain size of the units is given in Table 7 . During grain size analysis magnetic particles became attached to a magnetic bean (used to maintain slit and clay suspension). However, no magnetic particles were noted when the sediment had been treated with hydrogen peroxide to remove organic matter.
Discussion
Depositional environments
The generally planar, foliated nature of unit 4 (in all the sampled channels) demonstrated that most of the sediment settled out from suspension and that gravitation was the major force acting upon the grains and floccules. The palaeochannels can be envisaged as sedimentary sinks, where trapped flood water and algal growth resulted in stagnant, anoxic bottom-water conditions. Allochthonous and autochthonous organic matter was readily preserved. The occasional lineation of unit 4 was a result of rare and short-lived influxes of sediment-laden flood waters. A sudden increase in velocity was apparent from the sedimentary log of section 9; where unit 9 contained rounded lenses of unit 4, thought to be scoured out as the floodwater entered the palaeochannel. The deviation of some mean magnetic fabric directions from the major axis of a given palaeochannel is explained, firstly by the domination of foliation and secondly by the measurement of two or more flow directions. These flow directions are probably relics of occasional multidirectional currents, caused by wind action or secondary events within the palaeochannels. Grain size, organic content and water content data indicate that the depositional environment of unit 3, section 7 was not significantly different from that of unit 4, section 7. However, the units are characterized (1) and (2) are the monolith numbers from a section 7; N is the number of specimens in a sample; Mean mAm 1 is the mean intensity of remanence; is the standard deviation of the intensity of remanence; 95 is the cone of confidence at the 95% confidence level and is the precision parameter. Section 1, sample 1 is the only sample where cubic specimen holders were pushed directly into the field section, other specimens were obtained by subsampling from monolith tins. by different magnitudes of magnetic mineral content. Unit 3, section 10 was deposited in a deep pool environment (Pitts, 1995) , where the water at the sediment/water interface was still; however, Berner (1980) notes that a minimal quantity of oxygen is needed for the formation of pyrite framboids, which also only form under pH 7-8 (Marnette et al., 1993) .
The avulsion and abandonment of the channel was probably a consequence of a flood which destroyed the 13th century bridge and resulted in the deposition of unit 3. Field observations and magnetic fabric analysis indicate that unit 2/3 of section 10 had experienced post-depositional turbation and the dissolution and oxidation of iron compounds. However, the archaeomagnetic data indicate that the post-depositional processes were not of a significant magnitude to distort or destroy the NRM. The presence of Campylodiscus noricus diatoms is indicative of alkaline conditions of pH 7 or greater and they are common in standing or nutrient-rich water. The Nitzschia species are a large group and are most common in eutrophic water. The Navicula species are a varied group of diatoms and are generally found in running water with a high nutrient content and a wide range of pH; however, some do prefer alkaline or neutral pH. The diatoms confirm the alkaline nature of the sediment and water.
Archaeomagnetism
The cyclic nature of the British archaeomagnetic reference curve has resulted in a number of tight curves and loops, which can result in alternative dates for one independent sample. A second drawback of the reference curve is that the distance between each half century marker is not uniform and so when a data point falls onto the interpolated curve and the 95 cone of confidence is drawn, the in years are difficult to estimate. The amount of change in secular variation is different in specific periods, for example the line between  1500 and 1000 is rather large, while that between  600 and 700 is tiny and therefore the assignment of a more precise date is more likely in the former than in the latter. Coupled with this problem is the resolution of the curve; some of the curve is constructed from many data points (independently dated) while others have very few anchor points. For example Batt (1992) noted that there were 50 points between  0 and 250 but only four points between  500 and 750; again this will affect the reliability of dating independent samples. The archaeomagnetic results from Hemington Fields are given below, and because of the lack of sequence dated levels coupled with the problems of curve, data errors are broadly estimated to 50 years at the 68% confidence level. Sandy silt Figure 5 . Pyrite framboids in a degraded root channel, unit 3, section 10. Scale in m.
Section 1
The upper two samples derived from unit 4, section 1, have been dated to  1725 50. Unit 5, stratigraphically lower than unit 4, has been dated to  1675 50 years. It can thus be concluded from the archaeomagnetic evidence that the channel was abandoned shortly before  1675 50. It is interesting to note at this stage that the samples comprising fieldpushed cubic specimens have a lower mean intensity of remanence than those specimens cut from an undisturbed column. The lower mean moment was caused by a loss of moisture over a period of 2 weeks before measurement and the higher mean intensity was due to a more effective retention of moisture within the larger undisturbed sample and the measurement of the specimens directly after subsampling. However, the method of sampling, pushing cubic specimen holders directly into the sediment versus subsampling from a monolith tin, did not affect the archaeomagnetic data.
Section 2 The two sample mean directions are significantly different at the 95% confidence level. Sample 1 has a high 95 level and lies at the limit of acceptable data. Neither sample with the confidence limits plotted intersected the curve, preventing the assignment of years. The two archaeomagnetic dates for unit 4, section 2 may lie some 175-325 years apart, over a maximum of 13 cm. Thus it is possible that remanence within this unit has been acquired gradually and sequentially.
Section 3 Due to a crossover in the reference curve there are two possible dates for unit 3, section 3:  1400 50 and  1275 50. The stratigraphy of the section is characteristic of the top of a point bar (Figure 2 ), where unit 3 and unit 7 are covered by overbank alluvium (unit 1). It is likely that the point bar is a relic of the westwardly meandering 13th century palaeochannel (Figure 2 ). If so, the earlier date of  1275 50 is more probable. This date fits with tentative dating on stratigraphical and archaeological grounds (Salisbury, pers. comm.) .
Section 4
The archaeomagnetic results from section 4 were inconclusive. The sampled unit was covered by c. 13th century gravels and silts and so a date of c.  1450 can be rejected. Mapping indicated that section 4 and section 7 were the same channel (Salisbury & Brown, pers. comm.) . Assuming this to be correct, then a date of c.  400-600, although rather broad, is in agreement with the sedimentary and geomorphological data. This date is also in reasonable agreement with a radiocarbon date on brushwood with bark from the base of the fill (cal  605, 1 sigma cal  550-645 Beta-87291).
Section 7
The base of unit 4, section 7 has been dated to  900 50, rising to  1000 50 at a depth of 301 cm, some 21 cm above the lowermost sample. The sediment acquired a remanence over a maximum period of 150 years; unfortunately the evidence of sequential acquisition is minimal. Sample 54-71, unit 3, yielded a date of  1000 50 and has the same values of declination and inclination as sample 89-120, unit 4. This suggests that the remanence acquisition in unit 4 and at the base of unit 3 was simultaneous. The data point of sample 72-88 does not fall onto or cross the interpolated reference curve (Figure 6 ). It could be argued that the sediment shows a systematic inclination error (systematic because the 95 of the sample is very small). However, when viewed within the context of the unit, this sample is not perceived as problematic. The base of unit 2 is dated to  1000 50. An archaeomagnetic anomaly within the sequence is present in unit 3 (with the exception of the lower sample) and unit 2/3. The dates for the central three samples of unit 3 are similar and therefore remanence acquisition was concurrent. However, the samples below, as well as those above, are apparently younger and so there is no stratigraphical progression of the dates (Table 4) . Stepwise AF demagnetization was performed on eight specimens from units 2/3 and 3. The sediment carried a very stable NRM (0-40/50 mT), with no indication of a viscous or weaker secondary chemical remanence. Of interest is the intensity of remanence, generally higher in units 2/3 and 3 than in units 2 or 4. It is thought that prior to c.  1500 most of unit 3 and unit 2/3 experienced a post-depositional, geochemical transformation, resulting in the production of a strong, secondary chemical remanence. Unit 2 carries a stable and credible remanent magnetization. The action of post-depositional processes, such as seasonal wetting and drying and root penetration, are attested by the presence of mottles, iron concretions and a disturbed magnetic fabric; but these processes Figure 6 . The archaeomagnetic data from section 7 plotted onto the British archaeomagnetic reference curve (digitized from Clark, Tarling & Noël, 1988) , where each 100 years is marked by a solid square. The error bars are calculated from the 95 and show the cone of confidence at the 95% level. , -, Clark, Tarling & Noël, 1988; +, section 7. have not destroyed the magnetic remanence. The low intensity of remanence of the top sample may be the result of oxidation and destruction of the magnetic content, a reflection of the environment (which may not have favoured magnetotactic bacteria), or even a consequence of a detrital source of magnetic grains.
Section 9 Initial data analysis revealed that the 12 samples could be grouped into two populations (Table  4) . However, two samples, sample 46-54 (sampled from a depth of 243-245 cm) and sample 108-117 (sampled from a depth of 258-260 cm), had similar values of declination (0·16 difference) and inclination (0·69 difference). This indicates that the undated lower sample (undated because the remanence data did not intersect the reference curve), despite a declination error, is of a similar date to the top sample,  750 50. The reason for the apparent declination error is unclear. One possible explanation is the incorporation of sand lenses from unit 9; the alignment of these by hydrodynamic forces could have physically distorted the remanence. However, AMS is carried by the larger multi-domain grains and the NRM by the smaller multi-domain and single-domain grains and the sample is dominated by foliar ellipsoids. Also, given the low degree of anisotropy (0·007), it does not seem possible that coarser sand grains are masking or distorting the remanence. The mean magnetic moment of the lower original samples was much greater than the upper samples, ranging between a minimum of 315 mAm 1 and maximum of 1309 mAm 1 higher. It is suggested the declination error may be related to the higher intensity of remanence phenomenon. This would indicate that there was a magnetic and perhaps geochemical difference within the unit of a postdepositional origin.
Section 10 The archaeomagnetic curve is rather complex around  1250-1450. Data points of varying ages are clustered (see Clark, Tarling & Noël, 1988) . The use of the reference curve, without consideration of the archaeological data, would yield a tentative calendar date for unit 3, section 10, of c.  1250-1300. However, a dendrochronological felling date for timber used in the construction of the bridge is the late 1230s. Therefore, it is reasonable to assume that the date above is too close to that of the construction of the bridge. This date would allow only a minimum of 60 years of use; without taking into consideration the time for the construction of the bridge, its destruction, the deposition of unit 3 and the acquisition of remanence. A large scale flood was documented to have affected this area in  1401 and is proposed as the one that destroyed the bridge (Brown, 1996; Brown & Salisbury, in press) . A date of  1400 50 correlates well with the archaeological and historical data. Unit 3 must have been deposited fairly rapidly and the remanence, if not detrital, was acquired soon after.
Sulphide mineralogy
Determination of the magnetic mineralogy is necessary before drawing conclusions regarding the origin of the natural remanent magnetization (NRM). Studies of recent sediment have shown that generally detrital magnetite (titanomagnetites and titanomaghaemites) is the principal magnetic phase present and the carrier of depositional (DRM) or post-depositional (PdRM) remanent magnetization (Batt, 1992; Butler, 1992) . The potential ferromagnetic and ferrimagnetic content of the source rocks for the Hemington palaeochannel sediment is low and the fine-grained detritus from the Mercia mudstone has a low mean susceptibility, dominated by haematite. However, the volume susceptibilities and intensities of NRM of units 3 and 4 were exceptionally high and so another, non-detrital, magnetic source has to be sought. Other main remanence carriers in recent sediments are iron oxides (maghaemite and haematite), the iron-manganese oxyhydroxides and certain iron sulphides, for example ferrimagnetic greigite (Fe 3 S 4 ), which are associated with in situ authigenic or diagenetic chemical changes and so will carry a chemical remanence. Because of the similar grain size of magnetite and greigite and very similar AF demagnetization behaviour, medium destructive field >38 and 35 mT, respectively (Snowball & Thompson, 1990; Fassinbinder & Stanjek, 1994; Reynolds et al., 1994) , it is very difficult to distinguish between the two minerals.
It is postulated that the brown colour of unit 2 is due to hydroxides and the black colour of unit 4 is due to the presence of iron monosulphide minerals. The former can be classified as the hydroxide zone and the latter as the monosulphuric zone, as defined by Love (1967) . Unit 3, the grey sediment, is analogous to the bisulphuric or pyrite zone (Love, 1967) which is notable for the presence of pyrite framboids (Al-agha et al., 1995) .
Sulphide formation is primarily a biological process, requiring a supply of dissolved sulphate, organic matter and iron (iron oxide and hydroxide) (Vaughan & Lennie, 1991; Sawlowicz, 1993) ; these conditions were fulfilled in units 3 and 4. The breakdown of organic matter is achieved by the bacterial reduction of sulphate, via bacterial anaerobic decomposition of organic matter and the production of hydrogen sulphide, H 2 S. The H 2 S reacts with iron minerals to produce black monosulphides (Berner, 1970) .
Anoxic sedimentary conditions most often occur in the upper few millimetres of a sediment (Leslie, Lund & Hammond, 1990 ) and especially in oxygen-depleted waters (Karlin, 1990) . Geochemical processes of organic matter degradation and sulphur reduction have been shown to affect the magnetic mineral composition of sediments in two ways. The first is the dissolution of magnetic grains and the second is the production of authigenic magnetic minerals which can actually increase the ferromagnetic/ferrimagnetic concentration, increasing the intensity of magnetization and the production of a CRM (Snowball, 1991) . Conditions for monosulphide production can be envisaged for the Hemington palaeochannels, where trapped flood waters in an organic-rich environment resulted in the deposition of an organic-rich, silty sand under reducing conditions.
None of the monosulphides are thermodynamically stable (Berner, 1970) . A phenomenon often noted in lake sediments is a loss in the intensity of NRM and magnetic susceptibility. This is thought to be due to the oxidation of labile greigite and biological oxidation of pyrite (Hilton et al., 1986; Hilton, 1990; Snowball & Thompson, 1990; Crockford & Willet, 1995) . On air drying there was dramatic loss of intensity of NRM and volume susceptibility in both units 3 and 4 and a dramatic change in remanence direction (Table 6 ). However, a loss of susceptibility and a change in remanence direction during oxidation should not be significant if single-domain magnetite oxidizes to maghaemite (Henshaw & Merrill, 1979) . Hilton (1990) shows that a loss in susceptibility and intensity in an anoxic lake sediment is caused partially by the microbial degradation of magnetite under oxidizing conditions and the oxidation of authigenically formed greigite to a less strongly magnetic form. Hilton (1990) observed a large intensity loss when the sediment was treated with hydrogen peroxide and subsequently dried (this was also observed in unit 4). This phenomenon was deemed consistent with the presence of greigite. XRD analysis of the anoxic Esthwaite lake sediment revealed no evidence of a magnetic material (as was the case in unit 4), but it was suggested that this was due to the total Fe content being lower than the 5% needed to register a reasonable signal (Hilton, 1990) . However, extraction of the magnetic fraction from freeze-dried samples by Hilton (1990) and Snowball & Thompson (1990) revealed the presence of greigite.
The formation of greigite demands strong reducing conditions, but not totally without oxygen (Al-agha et al., 1995) . The production or formation of greigite can firstly be of an inorganic origin, biologically mediated by sulphate-reducing bacteria and, secondly, the result of the diagenesis of bacterial magnetite Hoffman, 1992) . Single domain magnetites, <0·1 m, pyrrhotite (FeS 1+x ), greigite and pyrite are produced by magnetotactic bacteria (see Chang & Kirschvink, 1989; Heywood et al., 1990; Stolz, Lovley & Haggerty, 1990; Bazylinski et al., 1991; Moskowitz, Frankel & Bazylinski, 1993; Bazylinski, Frankel & Garratt-Reed, 1994) . Most of these magnetotactic bacteria require molecular oxygen and produce magnetic minerals intracellularly in the form of a chain within a magnetosome (Stolz, Lovley & Haggerty, 1990) . Other forms of magnetotactic bacteria containing some form of iron sulphide have been identified in hydrogen sulphide-rich, anoxic sediments (Bazylinski et al., 1991) . Magnetotactic bacteria have also been found to produce ferrous phosphate, vivianite, through biologically induced mineralization. The vivianite is thought to be a by-product of the export of ferrous ions (Bazylinski et al., 1991) . The magnetic minerals produced by magnetotactic bacteria are used for orientation. Many of the bacteria are located in the upper few millimetres of sediment. On death they fall out of suspension and may align with the ambient geomagnetic field to produce a DRM. Both anaerobic magnetotactic bacteria and sulphate-reducing bacteria, such as GS-15, are proposed as primary producers of authigenic iron sulphides and magnetite, respectively, in anoxic sediments (Stolz, Lovley & Haggerty, 1990; Bazylinski et al., 1991) .
Post-depositional greigite has been observed in Cretaceous strata (Reynolds et al., 1994) , within recent anoxic marine sediments (Leslie, Lund & Hammond, 1990) and recent lacustrine deposits (Hilton, 1990; Snowball & Thompson, 1990; Snowball, 1991) . Hoffman (1992) argues that greigite, rather than being a relatively rare mineral, is in fact common in anoxic, sulphide-rich sediments associated with organic matter and is often observed with other non-magnetic sulphides such as pyrite. Pyrite is cubic in form and paramagnetic at room temperature. The presence of pyrite framboids in old root channels and fissures showed that they formed after root penetration and were therefore authigenic or diagenetic in origin. Pyrite framboids form indirectly from or via iron monosulphides (Sawlowicz, 1993) . Sweeney & Kaplan (1973) and Vaughan & Lennie (1991) suggest that framboids develop when the initial iron sulphide precipitate is transformed to greigite. Berner (1970) suggests pyrite only occurs when there is an excess of sulphur and the sediment is characteristically grey (e.g. unit 3), but it will not form when there is no excess of sulphur and then the sediment is characteristically black and anoxic (e.g. unit 4). The consensus is that pyrite forms at the interface between oxic/anoxic zones and that vital ferrous and sulphide ions are supplied by the reducing sediment and the oxidizing component from the oxidized zone. It is perhaps these processes that can be envisaged in unit 3 at Hemington.
The remanence carrier in units 3 and 4 has not been formally identified, but preliminary results indicated that an iron monosulphide, probably greigite, is responsible for the exceptional quality of the archaeomagnetic data. The authigenic or diagenetic formation of greigite necessitates that the remanence is chemical; however, the timing of this remanence is difficult to determine. Hallam & Maher (1994) suggest that greigite was formed during early diagenesis and so they regard the remanence as primary, rather than a secondary overprint. The archaeomagnetic date of unit 3, section 10, is some 100 years after the construction of the bridge, so it seems reasonable to presume that if greigite is the remanence carrier, its authigenic or diagenetic production took place soon after sediment deposition.
Conclusions
(1) Relic features of depositional and postdepositional disturbance (mostly in units 2 and 3, sections 1, 2, 7 and 10 in the form of rootlet penetration and chemical alteration) were identified using AMS and thin section analysis. Unit 4 (sections 1, 2, 4, 7, 9 and 11) was generally characterized by a foliated, still water, depositional fabric. However, in some instances wind or secondary currents are thought to have affected the orientation of the larger mineral grains and may account for the general lack of correlation between the orientation of channel banks and the mean AMS directions. Low velocity conditions dominated sediment deposition in the palaeochannels. The presence of water in the palaeochannels was maintained by seepage from the main channel and occasional overbank flooding. (2) The use of a variety of techniques has led to the conclusion that unit 4 (sections 1, 2, 4, 7, 9 and 11) was monosulphuric. Anaerobic depositional and post-depositional conditions prevailed with the authigenic/diagenetic production of monosulphide minerals, including limited pyrite formation. It has been postulated that the origin of the magnetic mineral(s) was linked to magnetotactic bacteria or iron-reducing non-magnetotactic bacteria, rather than detrital in origin. It is also thought that the main remanence carrier was greigite. The grey sediment of unit 3 has been classified as bisulphuric, where sediment depositional and postdepositional processes took place in oxygen-poor conditions. These conditions were suitable for the formation of monosulphide minerals and pyrite framboids. (3) The remanent magnetization of all the units was very stable and, despite the rather complex postdepositional processes envisaged for units 3 and 4 (sections 3 and 10 and 1, 2, 4, 7, 9 and 11 respectively), all the units produced statistically acceptable remanence data and most were assigned calendar dates which were in general agreement with other evidence of palaeochannel age. However, the processes of magnetic mineral production and the verification of the remanence carrying mineral(s) require clarification. It has been found that weak magnetic fabrics, whether depositional or post-depositional in origin, did not mask or distort the NRM. (4) The data from Hemington indicate that palaeochannels and ox-bow lakes, which are often closely associated with settlement, are ideal environments for successful archaeomagnetic dating, especially when the sediment has remained waterlogged since deposition. Sediment fabric and geochemical analyses suggest why this environment is so suitable for archaeomagnetic studies. Such sediments are typically found on and near lowland floodplain sites (Brown & Keough, 1992) 
